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CELL RECOVERY 

Bacl^ound of the Invention 

The present invention relates to a method and apparatus for recovering selected cells. 

5 

Description of the Prior Art 

The reference to any prior art in this specification is not, and should not be taken as, an 
acknowledgement or any form of suggestion that the prior art forms part of the conunon 
general knowledge in Australia. 

10 

It is often desirable to obtain cells having predeteimined properties firom a group of cells or 
tissue having a range of prop^es. One way in which this may be achieved is through the 
use of flow cytometry. Flow cytometry is used to quantitatively measure physical or 
chemical characteristics of particles in fluid samples, as they are presented, in single file, 
1 S into a focused light beam. 

In ^s case, the cells are labelled with markers, such as fluorescent markers, such tiiat the 
markers couple only to cells having the desired predetermined properties. The labelled 
cells are tiien injected into a stream of fluid flowing through the cytometer. A light beam 
20 is focused onto the stream of fluid, such that as the cells pass through the ligjit beam, the 
markers fluoresce, allowing the cells having the desired properties to be detected. The 
cells may then be sorted using either droplet deflection or a mechanical sorter. 

In the case of droplet deflection, a piezoelectric transducer is used to create droplets of 
25 sheath fluid. An electric field is applied to the drops to sort them in accordance with the 
cells contained therein. Alternatively, a mechanical capture tube or the like may be 
inserted mto the fluid flow to recover cells contained therein, as described for example, in 
US Patent Number US-5,030,002. 

30 Typically however flow cytometers are sophisticated instruments that require at least daily 
alignment by a highly skilled operator. Setting up the apparatus is also difBcult and 
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requires complex calibratioiL 

Furthennore these techniques can generally only be used to sort large numbers of cell 
populations, however it is somewhat limited when the number of the cells within ttie 
5 population are low, or when only small cultures are available. FACS machines can operate 
(sort) down to azoimd 1000 cells. The present invention intends to have the ability to 
operate down to single cells 

However, as there are often only small numbers of cells having desired properties, it is 
10 necessary to have ^paratus to detect, recover and isolate single cells in a &shion that is 
non detrimental to the cell. These cells are then available for further analysis. 

Summary of the Present Invention 

In a first broad form the present invention provides apparatus for recovering selected cells 
IS from a number of cells, tiie selected cells having predetermined properties, the apparatus 
including: 

a) A stimulation system; 

b) A detection system; 

c) A retriever; and, 

20 d) A control system, coupled to the stimulation and detection systems and a pipette, 
the control system being adapted to: 

i) Attempt to stimulate one or more of the cells using the stimulation system; 

ii) Detect at least one stimulated cell using detection system, the stimulated cell 
having the predetermined properties; and, 

25 iii) Recover a stimulated cell using ttie pipette. 

The retriever is typically a pipette, although other devices for retrieving the cells could be 
used. 
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The pipette is preferably coupled to a drive system, and includes an actuator adapted to 
actuate the pipette to thereby expel or draw in cells through a port. In this case, the control 
system is typically adapted to: 

a) Operate the drive system to position port adjacent the stimulated cell; and, 

5 b) Recover the cell by operating the actuator to thereby draw the cell into the pipette. 

In this case, the drive system is typically a inicromanipulator. 

The detection system may be adapted to: 
10 a) Determine the position of the stimulated cell; and, 

b) Transfer an indication of the position of the stimulated cell to the control system, 
the control system being adapted to operate the drive system in accordance with the 
indicated stimulated cell position. 

15 The stimulation system may be coupled to the pipette, fliereby allowing the stimulation 
system to stimulate cells near the port 

The control system is typically operated to: 

a) Operate the drive system until a number of cells are detected by the detection 
20 system; 

b) Attempt to stimulate the cells; and, 

c) Repeat steps (a) and (b) imtil one or more stimulated cells are detected. 

The cells having the predetermined properties may be coupled to respective markers, in 
25 which case the stimulation system is typically adapted to stimulate the cells by stimulating 
the markers. However, direct stimulation of the cells may be possible in some 
circumstances. 

The markers may be fluorescent markers, in which, case the stimulation system typically 
30 includes a radiation source for stimulating the fluorescent markers. However, other 
markers, such a$ magnetic markers, or the like, may be used. 
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The radiation source is typicaUy a laser, although LED or other radiation sources may be 
used. 

S The detection system typically includes: 

a) An imaging system for generating images of one or more of the cells; and, 

b) A processing systrai for detecting cells and/or stimulated cells in the images. 

The imaging system is preferably being coiq)led to the drive system to thereby generate 
10 images of a region near the port However, a separate respective drive system may be 
used. 

In a second broad form, the present invention provides a method of recovering selected 
cells fix>m a number of cells, the selected cells having predetermined properties, the 
1 S method including: 

a) Attempt to stimulate one or more of the cells; 

b) Detect at least one stimulated cell having the predetermined properties; and, 

c) Recover a stimulated cell using a retriever. 

20 The retriever is preferably a pipette, althougjh other retrievers could also be used. 

The pipette is typically being coupled to a drive system, and includes an actuator adapted 
to actuate the pipette to thereby expel or draw in cells through a port. The method 
preferably includes: 

25 a) Operate the drive system to position port adjacent the stimulated cell; and, 

b) Recover the cell by operating the actuator to thereby draw the cell into the pipette. 

Generally the method includes using a detection system to: 
a) Determine the position of the stimulated cell; and, 
30 b) Operate the drive system in accordance with the indicated stimulated cell position. 
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. The mettiod typically includes: 

a) Using an imaging system for generating images of one or more of the cells; and, 

b) Using a processing system for detecting stimulated cells in the images. 

5 The method generally includes using the control system to: 

a) Operate the drive system until a number of cells are detected by the ima^g 
system; 

b) Attempt to stimulate die cells; and, 

c) Repeat steps (a) and (b) imtil one or more stimulated cells are detected. 

10 

The mediod is preferably performed by apparatus according to the first broad form of the 
invention. 

In a third broad form die present invention provides a processing system for controlling 
IS apparatus for recovering selected cells from a number of cells, the selected cells having 
predetermined properties, the apparatus including a stimulation system, a detection system 
and a retriever, the processing system being adapted to: 

a) Attempt to stimulate one or more of the cells using the stimulation system; 

b) Detect at least one stimulated cell using detection syst^, the stimulated cell 
20 having the predetermined properties; and, 

c) Recover a stimulated cell using the retriever. 

The processing system is typically being ad^ted to perform the method of the second 
broad form of the invention, and operate as the control system of the first broad fi}im of the 
25 invention. 

In a fourth broad form the present invention provides a computer program product for 
recovering selected cells fi^om a number of cells, the selected cells having predetermined 
properties, the apparatus including a stimulation system, a detection system and a retriever, 
30 the computer program product including computer executable code which when executed 
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by a suitable processing system causes the processing system to perform the method of the 
second broad form of the invention. . 

In a fifth broad form the present invention provides a pipette system for manipulating 
5 particles, the pipette system including: 

a) A pipette for containing fluid in use, the pipette including a port; 

b) An actuator coupled to the pipette, the actuator being adapted to draw in and/or 
expel fluid through the port; 

c) A radiation source; and, 

10 d) A waveguide having a j5rst end coupled to the radiation source and a second end 
coupled to the pipette adjacent the port to thereby allow radiation firom fhe radiation 
source to impinge on particles positioned adjacent to the port in use. 

The pipette sj^tem typically includes a detector adapted to detect radiation emitted by the 
IS particle. In this case, the detector is preferably coupled to the first end of the waveguide, 
to thereby detect radiation emitted from the particle. 

The radiation source may be a laser. 

20 The waveguide can be a fibre optic cable, or altematively may be formed from the pipette, 
the pipette including a shaped portion to allow the radiation firom the radiation source to 
enter the pipette and pass along at least a portion of the pipette, the radiation being CTiitted 
from the pipette through the port 

25 The pipette system typically includes a controller adapted to perform at least one of: 

a) Activating the actuator to thereby cause fluid to be drawn in and/or expelled 
through the port; and, 

b) Activating the radiation source, to thereby expose a particle to radiation. 
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The pipette system typically includes a drive system ad^ted to move the pipette system to 
be with respect to a fluid filled container to thweby allow particles to be positioned in or 
removed &om fluid in the container. 

5 The drive system may be coupled to a controller, the controller being adapted to recover 
particles having predetermined properties firom the container by: 

a) Positioning the pipette system such that the port is adjacent to a particle; 

b) Activating the radiation source to thereby expose the particle to radiation; 

c) Detect any radiation emitted by the particle; 

10 d) Detemiine if the particle has the predetermined properties in accordance with the 
detected radiation; and, 
e) In accordance with a successful comparison, activate the actuator to thereby draw 
fluid into the pipette through the port, thereby recovering the particle. 

1 5 The controller is preferably formed from a suitably programmed processing system. 

In a sixth broad form the present invention provides a pipette system for manipulating 
particles, the pipette system including: 

a) A pipette for containing fluid in use, tibie pipette including a port; 
20 b) An actuator coupled to the pipette, the actuator being adapted to draw in and expel 
fluid through the port, fixe actuator including: 

i) A fluid reservoir; 

ii) A flexible tube coupling the pipette to flie fluid reservoir; 

iii) An arm positioned so as to partially compress the tube; 

25 iv) An actuator drive system adapted to move the arm so as to perform at least one 

of: 

(1) FurthCT compressing the tube to thereby expel fluid from tiie port; and, 

(2) Decompressing the tube to thereby draw fluid in through the port. 



30 The actuator drive system typically includes: 

a) A first actuator drive for moving the arm with respect to ttie tube; and. 
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b) A second actuator drive formed from an arm end portion, the arm end portion being 
in contact with the tube in use, the second actuator drive being ad^ted to cause the 
arm end portion to expand or contract. 

5 The pipette system typically includes a controller coupled to the actuator drive system, the 
controller being adapted to operate the actuator drive system to thereby draw fluid in or . 
expel fluid through the port 

The pipette system preferably includes a drive system adapted to move the pipette system 
10 to be with respect to a fluid filled container to thereby allow particles to be positioned in or 
removed from fluid in the container. 

The drive system is typically coupled to the controller, flie controller being ad^ted to 
recover particles £rom the fluid by: 
15 a) Positioning the pipette system such that the port is adjacent to a particle; and, 

b) Activate the actuator drive system to thereby draw fluid into the pipette through the 
port, th^eby recovering the particle. 

The tube may be formed from silicon tubing. 

20 

Typically the pipette system according to the sixth broad form of the invmtion is a pipette 
according to the fifth broad form of the invention. 

Brief Description of the Drawings 
25 An example of ttie present mvention will now be described with reference to the 
accompanying drawings, in which: - 

Figure 1 is a block diagram of an example of apparatus for implraienting the present 
invention; 

30 Figure 2A is a schematic diagram of the pipette of Figure 1 ; 

Figure 2B is a schematic diagram of the operation of the actuator of Figure 2A; 
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Figure 3 is a schematic diagram of the stimulation system of Figure 1; 
Figure 4 is a schematic diagram of the apparatus of Figure 1; 

Figures 5 A to 5C are a flow chart of the process implemented by the apparatus of Figure 1; 
Figures 6A to 6£ are schematic diagrams of cells in the selection and recovery wells of 
5 Figure 4; 

Figures 7A and 7B are schematic diagrams of cells being drawn into and expelled from the 
pipette of Figure 2; 

Figure 8 is a schematic diagram of the distribution of cells into a well plate; 
Figure 9 is a schematic diagram of the pipette nozzle holding a number of cells; 
10 Figure 10 is a schematic diagram of an example of an alternative pipette actuator; and. 
Figure 1 1 is an example of the pipette of Figure 2 modified to include an electrode. 

Detailed Description of the Preferred Embodiments 

An example for apparatus suitable for implementing the present invention will now be 
IS described witih reference to Figures 1. 

As shown in Figure 1» the apparatus includes a processing system 10 coupled to an 
imaging system 11, a first drive system 12, a second drive system 13 and a stimulation 
system 14. The first drive system 12 is coupled to a pipette 15, with the second drive 
20 system being coupled to a stage 16, as shown. 

The processing system 10 includes a processor 20, a memory 21, an input/output (I/O) 
device 22, an image interface 23, a drive interj&ce 24, and a stimulation interface 25, 
coupled together via a bus 26. The processing system may ^erefore be any one of a 
25 numb^ of processing systems, such as a suitably programmed computer, specialised 
hardware, or the like. 

In any event, the VO device typically includes a display, such as a computer monitor or the 
like, a keyboard, and one or more ottier input devices such as a mouse, joystick, trackball 
30 or the like. 
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The imaging system 1 1 includes a camera 30 such a CCD camera or the like which is 
coupled to a microscope 3 1 . The imaging system 1 1 is connected to the processing system 
via the image interface 23. 

In use, the drive systems 12, 14 are coupled to the processor via the drive interface 24, 
thereby allowing the processor 20 to control motion and operation of the pipette 15 and the 
stage 16, as will be described in more detail below. SLtnilarly, the stimulation system 14 is 
coupled to the stimulation interface 25, to allow the stimulation system to be activated, as 
will be described in more detail below. 

In use, this allows cells having piedetermined properties to be recovered fiom a group of 
cells held in suspension in a suitable contains. In order to achieve selection the cells are 
labelled with markers, which are ad^ted to adhere and or permeate only the cells having 
the required predetermined properties. The processing system 10 can then activate the 
stimulation system 14 to stimulate the marker cells and tibereby identify the cells having 
the predetenmned properties. 

It will be appreciated that this may be achieved in a number of ways depending on the 
characteristics of the markers, and the stimulation system. Thus for example, the markers 
could be magnetic markers, wifli the stimulation system being adapted to generate a 
magnetic field. This could be adapted to cause movement of the markers, and hence the 
cells having the predetenoiined properties, thereby allowing the cells to be identified. 
Alternatively, optical markers may be used, as will be described in more detail below. 

In any event, once the cells havmg the predetermined properties have been identified, the 
processing system 10 can then control the pipette 14 to remove cells Srom the well 40. 
This may be achieved automatically or manually in accordance wi& input conmiands 
received from the user via the I/O device 22. 

In order to achieve this, the processor 20 executes appropriate application software, which 
is stored in the memory 21, to control the operation of the £q)paratus. 
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Detafled Description 

A detailed example will now be described with reference to Figures 2 to 7. 

5 The pipette 14 is shown in more detail in Figure 2A. As shown, the pipette is formed from 
a glass nozzle 40 having a port 41. The glass nozzle includes a female coupling 42 that is 
adapted to cooperate with a male coupling 43 on a flexible tube 44. In use, the tube 44 is 
connected via a stopcock 45 and a reservoir 46 to a pump 47. An actuator 48 is positioned 
adjacent the flexible tube 44, to allow the tube to be clamped as shown in Figure 2B. 

10 

It will be appreciated from this that any form of actuator, such as a solenoid, may be used. 
However, in fliis example, the actuator is formed from a threaded screw drive 49, coupled 
a DC or stepper motor SO, which forms part of the drive systCTi 12. In use, this allows the 
actuator to be moved in the direction of the arrow 5 1, an amount of ±Smm. 

15 

The actuator tip can have a piezo electric stack 52 coupled hereto, to allow fine control 
(displacement of ± 20pm) of the end of the actuator. Again, the piezo stack forms part of 
the drive system 12. 

20 In use, the pipette is loaded with a suitable fluid medium by placing the port 41 into a 
contains that has sufficient fluid to fill the system. The pimip or other such means of 
drawing fluid flirough the system 47 is activated and fluid is drawn through the pipette. 
When the systrai is loaded and there are no air bubbles present in the tubing, the stopcock 
45 is closed to prevent fiirther fluid flow, and the pump 47 turned off. 

25 

Whilst the port 41 is still immersed m the fluid medixmi, the actuator 48 is adjusted such 
that the silicon tubing is compressed to about half its diameter, as shown in Figure 2B. 
Thus, in use, with the port 41 positioned in fluid in a well causing the actuator 48 to move 
in the direction of the arrow 51 compresses or releases the tubing 44 which, in turn, either 
30 expels or draws in fluid through the port 41. This allows cells to be recovered from a well, 
as will be explained in more detail below. 
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In this example, the stunulation system 14 is coupled to the pipette 15, as shown in more 
detail in Figure 3. As shown, the stimulation system includes a radiation source 60, such 
as a UV burner with suitable filters, a laser, or the like, coupled to an optical fibre 61 . 

5 

The optical fibre is coupled to the pipette nozzle 40, using appropriate fixing means, such 
as a rubber tube (not shown). The optical fibre is also coupled to detectors 62, such as 
photo-diode tubes, via suitable filters 63, to detect emissions fix>m cells, as will be 
^plained in more detail below. 

10 

In use, the system can select and remove individual cells using ttxe pipette IS fi:om a group 
of cells held in suspension. 

hi oxxier to achieve this, the apparatus is arranged as shown schematically in Figure 4. As 
IS shown, the stage 16 includes an aperture 70, having the microscope 31 mounted therein. 
From this it will be appreciated ttiat &e microscope 3 1 is typically an inverted microscope. 

In use the stage 16 is adapted to receive a selection well 71 containmg the cells to be 
recovered. The stage may also receive a recovery well 72 for receiving the recovered cells. 
20 In use, the selection well 71 is positioned on top of the aperture 70, to allow the camera 30 
to obtain an image of the inside of the selection well 71, via the microscope 31. In use, tho 
processing system 10 is ad^ted to control the drive system 14, to cause the stage to be 
move in the directions shown by the arrows 73, 74. 

2S This allows a rqiresentation of the contents of a selected well can be ccq)tured by the 
processing system using the image interface, which is typically a firame grabber or the like. 
Images may ihen be used by the processing system to control the drive system 12 and the 
stimulation system 13. Additionally or altematively, images may be displayed to a user 
using the I/O device 22. 

30 

The pipette is positioned adjacent ttie stage 16 as shown, to allow the nozzle to be inserted 
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into the well 71. The pipette is coupled to the drive system 12, to allow the pipette to 
moved with respect to the well, as shown by the arrows 75, 76, 77. Accordingly, the drive 
system 12 typically includes a micromanipulator system having three independently 
controlled axis with resolution tolerances and repeatabilities of <5pm. This system is 
5 controlled by dedicated software executed by the processor 20. 

An example of the method of operation of the s^paratus of Figure 4 to recover selected 
cells will now be described in detail with reference to Figures 5 A, SB and SC. 

10 In particular, the process involves obtaining a group of cells at step 200, with at least some 
of the cells having predetermined properties that are of interest to the user of the apparatus. 

At step 210 the user labels the cells with fluorescent markers, such ^t each cell having 
the predetermined properties becomes labelled vnfh a respective maricer, whilst cells 
15 having different properties do not. As a result of fiiis, only cells having the predetermined 
properties are labelled the fluorescent markers. 

At step 220 the labelled cells are placed in the selection well 71 above the apectare 70, as 
shown in Figure 4. It will be appreciated therefore that the cells may therefore be labelled 
20 with the markers whilst the cells are held in suspension in the selection cell 71, allowing 
the selection well to be placed above the aperture as required. 

In any event, the processing system 10 then uses the camera 30 to obtain an image of the 
cells within the selection well 71, at step 230, using the image to determine the position of 

25 the cells at step 240. This is achieved by having the imaging system 30 generate a 
sequence of images of the inside of the selection well 71. The image interface then selects 
an appropriate one of the images and transfers this to the processor 20. The processor 20 
will then analyse the image to determine the position of the cells. In particular, the 
processor 20 will typically use edge detection software to detect edges in the image 

30 representing the edge of the cells in the solution. 
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At stq> 250 the processing system 10 activates the drive system 12 causing the pipette 15 
to be positioned in the selection well 71, with the port 41 adjacent to and above a selected 
cell. In particular, the pipette 15 is positioned such that radiation emitted fix>m the fibre 
optic cable 61 impinges on the selected cell. 

5 

At step 260, the processing system 10 activates the laser 60, causing radiation to be emitted 
fi-om the fibre optic cable 61. In particxilar, the laser is activated such that the radiation 
fix>m the laser impmges on the selected cell. It will be appreciated that if the cell has the 
predetermined properties, the marker boimd to the cell will fluoresce under the influence of 
10 the radiation. An example of this is shown, for example in Figure 6A, in which a selected 
cell 80, amongst other cells 81, is fluorescing. 

At step 270, the processing system uses the detectors to detect any fluorescent markers, by 
examining for fluorescence in the image. If no fluorescence is detected at step 280, then 
15 this indicates that no maricer has been exposed, and hence that tiie cell does not have the 
predetermined properties. 

Accordingly, the processing system moves the position of the pipette 15 and hence the 
position of the fibre optic cable 61, such that different cells are positioned adjacent tiie end 
20 of the fibre optic cable. The processing system then repeats step 260 to 280, so that 
difiTerent cells are exposed to radiation. 

This process is repeated until a fluorescent marker is detected, allowing the processing 
system 10 to select a cell that is suitable for recovery. 

25 

At step 300 the processing system 10 detennines the position of the selected cell. At step 
310 tiie processing system 10 positions the port 41 adjacent the selected cell. This is 
achieved by using feedback to monitor the position of the port 41 as the drive system 12 is 
activated, as will be appreciated by those skilled in the art. 

30 

At step 320 the processing system 10 activates the actuator 48, as described above, to draw 
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flxiid into the port 41, At this stage, the drawing in of the fluid should cause the cell to be 
drawn into the pipette nozzle 40. At step 330, the processing system operates to determine 
if the cell has entered the nozzle 40. 

5 This could be achieved for example by having the camera 30 image the inside of the 
pipette nozzle 40. Altematively, the processing system 10 may be adapted to track the 
cells in the selection well 71, by comparing subsequmt images captured by the camera 30. 
This allows the processing system to track movement of the cells and determine when a 
respective cell has been removed fix>m the selection well 71 and hence is contained within 
10 the pipette nozzle 40. 

If it is determined that the cell is not in the nozzle at step 340, the processing system 10 
returns to step 310 to reposition the pipette port adjacent the selected cell. The processing 
system 10 then repeats steps 310 to 340 until it is detemiined that the cell is in the nozzle 
15 40. 

At step 350 the processing system determines if any other cells are also contained within 
the nozzle 40. This may occur for example if two cells are positioned adjacent each other 
in the selection well 71. In particular, when the fluid is drawn into the pipette nozzle 40, 
20 this can cause multiple cells to be drawn in through the port. 

It will be appreciated that this may be desirable if all the cells in the nozzle have the 
predetermined properties, in which case the processing system can sinq>ly move onto step 
380. However, if cells that don't have the predetermined properties are recovered, this 
25 could contaminate the group of cells that are eventually recovered. 

Accordingly if tiie processor determines that more than one cell is included in the pipette at 
stq> 360 the processing system 10 will attempt to remove one of the cells at step 370. This 
can be achieved by repeatedly operating the pipette to cause the pipette to repeatedly draw 
30 in and expel fluid via the pipette aperture 41. Agitation of the fluid medium and repeated 
movement of ttie cells through the pipette aperture 41 will usually allow a cell to be 
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separated from surrounding cells. 

An example of this is shown in Figure 7 A, which shows the hydrodynamic stream-lines 83 
as fluid is expelled from the pipette q>erture 41. As shown, the hydrodynamic stream- 
5 lines, which represent lines of constant force, spread out away from the pipette aperture 41. 
Similarly, as the selected cell and unwanted cell 80, 81, are entrained in the fluid flow, this 
will tend to cause the cells 80, 81 to separate as they are expelled away from the pipette 
aperture 41. 

10 Accordingly, repeated activation of the pipette allows the cells 80, 81, to be separated, 
allowing the selected marked cell to be collected alone. 

At step 380 the processing system 10 re-positions the pipette in a recovery well 72 and 
activates the pipette to expel the cell into the recovery well 72 at step 390. 

15 

It will be appreciated from this that this provides a s^tem for automatically recovering 
cells having predetemuned properties. Jn particular, the apparatus can be provided with 
cells in the selection well 71 and then left to operate to automatically remove cells 80 
having the desired properties, to the recovery well 72, as shown in Figure 6B. 

20 

By repeating this procedure, this allows a large mmiber of cells 80 having predetermined 
properties to be recovered to the recovery well 72. During fliis procedure, the processing 
system 10 can be adapted to distribute the recovered cells 80 in a predetermined pattern 
throughout the recovery well, as shown for example in Figure 6C, or Figure 6D. 

25 

Altematively, individual cells may be positioned in different recovery wells, as will be 
^predated by persons skilled in the art. An example of this is shown in Figure 8, in which 
the cells 80 are distributed into a well plate 84, including a number of recovery wells 85 
arranged in a grid like fashion. This allows the cells 80 to be positioned in the recovery 
30 wells 85, either individually, or with multiple cells per recovery well, as shown. 
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Ih g«ieral, the recovery well will include a growth medium to encourage growth of the 
recovered cell. However, the recovery well may instead include a locaUsed section of the 
culture/tissue, as shown for example at 84 in Figure 6E. Micro-injecting the recovered cell 
directly into the culture, as shown in Figure 6E, can further aid cell recovery. 

5 

A particular benefit of this process is that cells are recovered on an individual basis. This 
allows cells having very strict criteria to be collected. As cells are collected on an 
individual basis, this prevents the opportunity of contamination of a sample cell in the 
recovery well by cells not having the required properties. Furthetmoie, this allows a larger 
10 number of cells to be recovered automatically. 

Variations 

A nimiber of variations on the above are possible. 
15 Stimulation 

It will be appreciated that it may not be necessary to use markers, if the cells having the 
predetermined properties can be distinguished Smm other cells in the group using some 
other techniques. Accordingly, if the cells have difforent properties, this would allow 
direct stimulation of the ceUs to distinguish those having the required predetermined 
20 properties. 

These properties may include optical and magnetic properties. However, in addition to 
this, oflier properties, such as dimensional properties may also be used to distinguish tfie 
cells. In this instance, the stimulation will involve vising laser measurements to allow Ae 
25 dim^ions of fiie cells to be determined. 

Pipette 

It will be appreciated as weU that the pipette can be used to provide additional 
functionality. Thus, for example, the pipette could be used to remove fluid fiom a weU and 
30 replace it with fresh / different media. 
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A further variation is for the processing system to collect a number of cells 80 having the 
predetermined properties fix>m the selection well 71, with the cells being stored in the 
nozzle 40, as shown for example in Figure 9. The cells can then be placed into one or 
more recovery wells 72, individually as required. 

5 

A number of other pipette modifications are also shown in our copending patent 
^plication entitled "Cell Fusion" and persons skilled in the art will appreciate that these 
modifications may be incorporated with each other. 

10 Thus for example, ttie pipette system may use an alternate actuator to the actuator 48 
shown in Figure 2. This may include a piezo-electric actuator, shown for example in 
Figure 10. 

As shown, the actuator is formed fiom a housing 90 defining a chamber that is divided into 
15 two portions 91 A, 91B by a piezo-electric element 92, as shown. The chamber 9 IB is 
coupled by a port 93 to the flexible tube 44, of the pipette shown in Figure 2. 

In use, the chamber 9 IB, the port 93, and the flexible tube 44, and the nozzle 40, are filled 
with fluid, with the chamber 91A bemg filled with air and sealed. Applying a current to 
20 the piezo-electric element 92, via leads 94, causes tihie element to move, with the direction 
of movement deprading on the polarity of the applied current. 

Thus, in use, with the pipette port 41 positioned in a fluid filled well, causmg the piezo- 
electric client 92 to move in the direction of the arrow 95 will increase the volume of the 
25 chamber 91B, thereby causing fluid to be drawn through the port 41. Similarly, causing 
the piezo-electric elCTient 92 to move in the direction of arrow 96 will decrease the volume 
of the chamber 91B, thereby causing fluid to be expelled through the port 41 . 

Accordingly, the pipette can be activated to draw in or expel fluid flirough the port 41 
30 depending on the polarity of Hie current ^plied to the leads 94. Accordingly, in use, the 
leads 94 are coupled to flie processing system 10, to allow a suitable signal to activate the 
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pipette as required. 

Similarly, the pipette may be adapted to incorporate an electrode, for use in apply an 
electric field to the cell, as used for example in cell dielectropherisis (DEP). And cell 
S fusion techniques. An example of this shown in Figure 1 L 

As shown, an electrode 100 formed firom a cylindrical tube 101 is coupled to the nozzle 40 
of tiie pipette 40, such that the port 41 is contained in the tube 101 . In use, the pipette may 
be used substantially as described with respect to the pipette of Figure 2. 

10 

Additionally however, the electrode 100 can be coupled to a field generator 102, which is 
also coupled to a second electrode 103, as shown by the leads 104. In use, the electrodes 
100, 103 cooperate to allow electric fields to be applied to one or more cells 105, 
positioned therebetween. It will be appreciated that the electrode 103 may be formed firom 
IS an electrode coupled to another pipette. 

Manual Operation 

Whilst ttie operation of tibe above described s^paratus is being described in an automatic 
process, it will be ^predated that the apparatus may be controlled manually. In order to 
20 achieve this, the processing system 10 is adapted to respond to ii^ut conunand provided by 
the user. The processing system 10 is adapted to respond to input commands to perform 
any one or more of: 
•Activate the laser; 

•Select marked cells fi-om examination of images presented on the I/O device 22; 
25 •Control the positioning of the pipette; and, 

•Activating the pipette to recover one or more cells. 

In this instance, the images of the inside of the selection well 71 can be displayed to the 
user on a suitable display, or the like. The user can then control the apparatus using 
30 suitable input commands to allow cells to be detected and recovered as described above, 
using the displayed images to determine the cell positions. 
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Cloning 

The above d^cribed apparatus and method are particularly useful in the field of cloning, 
which refers to the isolation of a single cell into a vessel, plate, well etc. containing 
S suitable growth media. In particular, the s^paratus could be used as follows: 

1. Single cell cloning based on visual identification by an operator. Using input commands 

and manual operation to isolate and recover single cells fix>m within a culture, targeting 

cells by using the pipette system mounted on an inverted microscope. 
2.Single cell cloning based on image analysis carried out by a computer. Using a camm 
10 mounted on an inverted microscope, live images can be captured and analysed by 

software, allowing Oie apparatus to target cells based on pre-set criteria such as shape, 

size and texture. 

3.Single cell cloning based on fluorescent markers. Using eitfier of the above methods 
but employing a fluorescrat dye conjugated to a ligand, receptor, antibody or other 
IS molecule of interest. The dye could also be unconjugated. The dye could be 
stimulated by either a UV bumer with suitable filters or a laser. Detection could be by 
either image capture or photodiode, either, signal being interpreted by computer 
software and the pipette targeted to the cell of interest. 

4.Midtiple cell cloning. As above but with any number of cells as pre-set by the user. 

20 

In this instance, cells could be cloned fiom the following sources. 

1. Non adherent cells contained in, and resting on the bottom of, a standard biological cell 

culture vessel. 

2. As above but for adherent cells whereby a small dose (micro-injection) of suitable 
25 enzyme, typically a protease, could be administered using a multi-pipette to effect the 

release of cells fi:om the sur&ce of the vessel. Alternatively, suction alone might 
provide sufficient force in some instances to remove the adherent cells. 

3. As above but for cells in a slice of tissue inunersed in suitable media, whereby a small 

dose (micro-injection) of suitable enzyme could be administered using a multi-pipette 
30 to effect the release of cells fix>m the tissue sample. 
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Accordingly, the system described above allows individual cells to be easily selected. As 
the cells are selected using the pipette as shown in Figure 3, this makes individual cell 
selection easier than in the prior art. This therefore helps increase the speed and ease with 
which individual cells can be selected, recovered and used is subsequent procedures. 

5 

Jn addition to this, the apparatus as a whole is generally less complicated, thereby helping 
reduce fhe cost, as well as easing use of the q>paratus to perform cell recovery. As a 
result, recovery using the system described above can generally be achieved more rapidly 
and cheaper than in the prior art. 

10 

Accordingly, it will be appreciated that the apparatus is ideal for use in the following 
^plications: 

1 Jlare Cell Recovery: Whereby there is a large number of cells are in culture and a small 
sub-population need to be recovered. 
15 2.Diagnostics: Cell recovery &om tissue obtained firom a needle biopsy, along with the 
ability to clone single cell cultures of these cells and monitor subsequent growth and 
ottier characteristics such as surface marker eiqiression. 

Persons skilled in tiie art will appreciate that numerous variations and modifications will 
20 become apparent All such variations and modifications which become sqpparent to 
persons skilled in the art, should be considered to fall wiftin tibie spirit and scope that the 
invention broadly appearing before described. 

Accordingly, while the above description has focused on cell selection, it will be 
25 appreciated that the techniques may generally be applied to any cells, vectors, particles, 
molecules, liposomes, and other such vesicles. Cells are defined as, but not limited to as 
being cells firom vertebrate (including all mammalian species), uivertebrate, plant, fimgus 
and bacterial organisms, including all cells of eukaryotic and prokaryotic origin. 
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Dated this Fifth day of September, 2002 
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APOLLO LIFE SCIENCES PTY LIMITED 
By their Patent Attorneys 
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